Introduction
Multilevel inverters have been acknowledged as possible prospects for medium and high power applications [1, 2] . One of the most significant advantages of the multilevel inverters is the diminution of the harmonics in output waveforms without increasing the frequency, or decrease of output power of inverters. In many applications, it is desirable to get an AC output voltage with varying frequency and amplitude via inverters [3, 4] . The variable speeds, AC motor drive system are one of the major areas of application for the variable frequency inverter [5, 6] .
The most common topologies which are used in the prior article for multilevel inverter are included cascaded full bridge structure [7] [8] [9] , the diode clamped structure [10] and flying capacitor structure [11] . The full-bridge structure needs fewer components to produce the same output waveform. In this paper, the full bridge structure is used, Because it's the most used topologies in industry, due to require a small number of components compared to other structures, also show lower harmonic distortion [12] .
Various pulse width modulation (PWM) methods for multi-phase VSIs, have been developed for generating a sinusoidal output voltage [13] . To control the fundamental component and to eliminate the undesired harmonics of the output side voltages of a multilevel inverter, several pulse width modulation (PWM) methods, such as, selected harmonic elimination (SHE) [14] , total harmonic distortion minimization [15] , sinusoidal PWM [16] and space vector modulation techniques [17] have been suggested in previous literature. Among the surveyed PWM techniques, the SHEPWM is able to provide lower switching losses and to completely remove the low order harmonics from the AC side voltages [18, 19] . This paper focuses on the Selective Harmonic Elimination Pulse Width Modulation (SHEPWM) technique in multilevel inverter with equal DC sources. In the SHEPWM technique, in order to adjust the fundamental component and to eliminate N-1 non-triplen odd harmonics of the output side voltages of a multilevel inverter, N switching angles are required. Thus, N trigonometric equations specifying the harmonic content must be solved to find the answers for the switching angles. There have been many approaches to this problem reported in the technical literature including: sequential homotopy-based computation [20] , resultants theory [21] , optimization technique [22] , Walsh functions [23] and Genetic Algorithms (GA) [24, 25] .
The Newton-Raphson method has been used to solve transcendental equation in the literature [26] but this method has some drawbacks like divergence problems, require precise initial guess and gives no optimum solution [27] . Hence the heuristic algorithms such as common Particle Swarm Optimization (PSO) [28, 29] have the ability to combat the drawbacks like divergence problem. As an optimization technique, PSO is much less dependent on the start values of the variables in the optimization problem when compared with the widely used This paper includes the following parts. In the second section are offered Cascaded structure for multilevel inverter with equal DC sources. The third section is expressed MPPSO optimization algorithm along with SHEPWM nonlinear transcendental equations. Then in the fourth section are shown simulation results. Finally in the fifth Section will be presented conclusion of this paper.
II. Cascaded Multilevel Inverter with Equal DC Sources
There are three famous structure of multilevel inverter, Diode Clamped Multilevel Inverter (MI), Flying Capacitor MI and Cascaded Multilevel Inverter with Separate DC Sources (SDCSs). In this paper, is used of multilevel Cascaded Inverter with Separated DC Sources Structures [16] . A three phase M level structure of this inverter is shown in Fig. 1 . The multilevel inverter using a cascaded inverter with SDCSs synthesizes a desired voltage from several independent sources of DC voltages, which may be obtained from either battery, fuel cells, or solar cells. So, an output voltage waveform can be generated by summation of the output voltage of each cell.
Fig. 1. Single-phase structure of a multilevel cascaded inverter.
Each SDCS is associated with a single-phase full-bridge inverter. This Structure has extreme advantages compared with another structure of inverters: least number of elements to produce the same waveform compares with another structure of inverters, eliminate of clamping diodes and etc. These advantages that have made it attractive in power conditioning systems and medium to high power drive applications [30] . The control in cascaded structure is simpler than another structure of inverter, unlike the Diode Clamped and Flying Capacitor inverters, each phase can be controlled separately and in addition, it also does not require the central controller, in other words the cascaded structures have only one independent controller on each phase.
Each separate DC source is linked with a single phase full-bridge inverter. The Different combination of 4 key S 1 to S 4 in each cell of the inverter can produce 3 different levels of voltage (+V dc , -V dc , 0). In this topology, the number of output phase voltage levels is defined by m=2S+1, where S is the number of DC sources. For example, a 7-level inverter has 3 SDCS. The quarter-wave symmetric waveform is used in this paper [31, 32] . The voltage waveform which is shown in Fig. 2 , has S switches angles in quarter-wave α 1 , α 2 , …, α (s-1) , α s and 4S switching angles, α 4S , in each cycle. In this Paper, the DC voltages are assumed to be equal.
Improved SHEPWM Strategy by the robustness optimization algorithm in Multilevel Inverters ….. Each cell is turned on and turned off in suitable angle. The first cell is turned on in α 1 angle, the second cell is turned on in α 2 , etc. Then the first cell is turned off in π-α 1 angle, the second cell is turned off in π-α 2 , etc. Finally is obtained output waveform with minimum THD. The Fourier series of multilevel waveform is as follows:
V an is the amplitude of the harmonic components of voltage, where are supposed DC sources as equal:
Where S is the number of Full-Bridge cells. The switching angles α 1 , α 2 , …, and α S must satisfy the following constraint
III. Implementation of MPPSO Algorithm to Solve SHEPWM Equations
The intelligent method based on PSO algorithm is developed in this paper. The correction motion vector for each particle in PSO method is as follows:
In Eq. (5), V i k is the motion vector of i th particle in k th repetition. V i k+1 is a correction motion vector for i th particle. Rand is a random number in zero till one interval. x i k is the current position of i th particle in k th repetition. pbest is the best answer of i th particle in all repetition, The index of the best particle among all the particles in the group is represented as gbest. w i is the weight coefficient for speed vector of i th particle and C i is the weight coefficient for each particle.
In this paper, use of more population in the main PSO algorithm, which can be determined arbitrary value for N p parameter, the N p is number of population. Also in [33, 34] to ensure convergence of the method is used by contraction coefficient K, which their value is calculated according to the values of the weighting coefficients that is shown in Eq. (6). 
In the proposed method, numerous populations are used as parallel to optimize the fitness function. In each step of a repeat, the each population will have been optimized the fitness function as separately, which motion vector for each population is modified as follows:
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In Eq. (7) coefficient C 3 , is the weight coefficient of third relationship, which can be determined by trade of technique according to the type of optimization problem. gbest_total, is the best value of the gbest among all populations in each repetition. In this case, the particles of each population are up to date according to their population and other populations. This new solution increases the scope of the search and the speed of convergence. After repeating process which is considered, the each population will have an optimal solution. The ultimate answer, is the best choice from the different population. It is clear that the increasing of the data volume processing by increase the number of populations. The procedure to implement the proposed MPPSO technique is summarized in the diagram of Fig. 3 (a) . The flowchart of the basic operation of the MPPSO shown in Fig. 3 (b) is explained as follows:
Share info and then apply the best info to all and then continue… Population The idea here is the classic SHEPWM method that tries to find switching angles in order to eliminate first N-1 low order harmonics and control simultaneously the fundamental component. The triplen harmonics are not regarded as they are naturally cancelled out in the line to line voltages of a three phase system. In a mathematical form, the standard SHEPWM problem is formulated by the following set of equations. Where n=3S-1, when S is even, and n=3S-2, when S is odd. M is the modulation index and is determined in the following manner:
To define the switching angles, the S transcendental equations in Eq. (8) should be solved by MPPSO algorithm. According to the modulation index M, there are two areas: 1) feasible region in which there is a set or a numerous set of solutions for switching angles and the SHEPWM method can be successfully discovered, and 2) the infeasible area in which there is no solution for the equations in Eq. (8) And consequently, the low-order harmonics cannot be eliminated from the stepped voltage waveforms. As a result, the standard SHEPWM technique has a narrow modulation region and cannot be realized for the entire modulation range. In this paper, the MPPSO optimization algorithm tries to extend feasible range of modulation index compare with prior literature.
As an example, in a SHEPWM technique for a nine-level inverter, which generates a nine-level stepped voltage waveform, according to the equation sets of Eq. (8) (10), and to determine the desired switching angles for any value of M, a minimization approach, based on a fitness function is used. Thus, via Eq. (11) as a novel fitness function, the whole of the mentioned goal done by MPPSO algorithm. (10), one of the equations f 1 to f 4 has more value in the special point of the modulation index interval (zero to one), hence it will need to pay more attention to optimization. Therefore, in the relations y1 to y4, the integer constant of 100 is multiplied in one of the relations f 1 to f 4 . Finally, in the fitness function which is shown in Eq. (11), the maximum amount of the y 1 to y 4 is determined for further consideration in the optimization algorithms.
IV. Simulation Results
In this section, presents the results of the implementation MPPSO algorithms to the SHEPWM nonlinear transcendental equations for the line voltage of 9 level inverter. The algorithm was run 20 times and the best answer is selected. Excellent answers criteria and in the other words, the ultimate goals, are included set the fundamental component to the desired value, eliminating low order harmonics with high accuracy, and extend the feasible range of modulation index.
In this example, four switching angles are seeking to eliminate the 5 th , 7 th and 11 th harmonics of the stepped voltage waveform, and adjust the fundamental component to the desired reference value. The switching angle solutions against M are depicted in Fig. 4 . Compared with the prior literature [35] , along with imposing more stringent conditions, the feasible interval of modulation index for the fundamental frequency component is 51% which given in Fig. 5 , while the feasible interval of M is achieved 31% in the prior literature [35] . As can be seen the MPPSO optimization algorithm has great potential in solving the nonlinear equations compare with general optimization algorithms such as GA or common PSO. The feasible regions in which the harmonics are eliminated with high accuracy and set the fundamental component to the desired value, are limited to 0.26≤M≤0. 30 
V. Conclusion
This paper proposes a novel optimization algorithm MPPSO, to extend the feasible modulation range of the SHEPWM nonlinear transcendental equations of multilevel inverters. The problem of finding the switching angles of a SHEPWM is modified to eliminate low order harmonics with high accuracy and set the fundamental component to the desired value. The feasible rang of modulation index was reported in the prior literature is 31%, by MPPSO algorithm this mentioned range extends to the 51%. A novel optimization algorithm entitles MPPSO is used to solve the nonlinear transcendental equations of SHEPWM technique. The MPPSO optimization algorithm has great potential in solving the nonlinear equations compare with general optimization algorithms such as GA or common PSO. In this paper, the feasible range of modulation index is extended, moreover, in the infeasible rang of the modulation index, MPPSO algorithm minimizes low order harmonics and try to set the fundamental value to the desired value with one percentage of error, this is an accepted range of error. The capability of the proposed technique is investigated based on time-domain simulation studies, in the MATLAB environment. Effectiveness of the proposed MPPSO optimization algorithm is demonstrated under various operational scenarios.
